UNCLASSIFIED

AD NUMBER

AD838585

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM

Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; 15 FEB
1965. Other requests shall be referred to
the Army Biological Laboratory, Attn:
Technical Release Branch [TID], Fort
Detrick, MD 21701.

AUTHORITY

SMUFD, per d/a ltr dtd 14 Feb 1972

THIS PAGE IS UNCLASSIFIED




AD8 38585

TRANSLATION No. /#97

Dot - g
DATE: /9 M‘/ wy >

DDC AVAILABILITY NOTICE

Reproduction of this publication in whole or in

part is prohibited. However, DDC is authorized : 3 R
to reproduce tke publication for United States b
Government purposes.

IASVAGEPEIY:

CLASSIFIED
#2 UNCL jal export L.

1
STATEMEN o speci

. t is subject‘t ian
e d?iu::g each transmittal 11:0 :‘z;ebge made
COZZ:Zments or foreign ?at}OB:pi of Army,

o . 3 roval O M h
o 312t12;10;T:§e Technical Release Branc /1
t ve ’
i:g, Frederick, Mary! and

PEPARTMENT OF THE ARMY Dot Available Copy

Fort Detrick
Frederick, Maryland

/t'



FREEZE DRYING
(PART II)#

By Y. 4arzuk

Pharmacist, Public. Health Laboratoryag : 2
i (Virology), Tel-Aviv - Jaffo P

Harokeach Haivri, (Hebrew Pharmaciat), 9 (16)5 1963, pages

E. The vacuum

Alr Pressure: 1like arn- other substance, air has weight
which 18 expreesed by its ,ressure. Men, fauna. and‘flora. in-
animate matter and every livinz cell are in‘a state of equill-
brium in relation to air preqsure.. Any change in the external

pressure causes dlaturbances in a: 11v1ng ayatam that%waa ad-
. Justed to ailr pressure.

Alr pressure at aea level 18 1. 03 ks.;per oubic ca,

Vacuum: any reduction of air prosauro oauaoa a

partial vacuum, thus there i= a simple method of creating
such a vacuunm,

; l

~ # See Part I of artiele 'in Harokeach Haizri. vol. 9, 1963,

page 405, T




: ‘3’voouum.

Characteristics of a vacuunm systom:"

l. Hermetic closure

2. Appropriate structure (that can. withatamd vacuum
conditlona) , . L

Characteriatioa of pumps:

1. Piston pump - because of the plstons tho vacuum
achieved 1is not high,

2. Rotative pump - the vacuum attalned 18 hlsh. but
output is limited,

3, Diffusion pump - tremendoua output. but llmlted
See llluatrations B (1) (2) (3) S '

i Pumps of various types are therefore combined to attain

' ., a high vacuua,

Vacuum measure = Torr = 1 am. Mercury 5‘1/760 air
pressure. 1 gram of water = 1 mm, in normal temperature and
- pressure. Under pressure of one Torr per.on ;gram of water
per lltor voluame, that 1s volume X 1ooo [slc? S e

Instrumente for vacuum measurement- there arc various
. instruments for vacuum measurement. They.operate 4in various
- ways, but they have in common the problem ‘of establlshing an
appropriato m~aouremont of the vaouum. to the requlred dcgroo.‘

Proclce callbratlon of these instrumontogis?dome by

_comparing them with one standard. One of the most accepted
standards 1s the vacuun measurement: accordlng to: McLeod' o

" gauge (see 1llustration C); this 3augo is: basod on Boyle 8 :

- Gas Law and operates as rollowa- B i .

- A certdin gae 1le entered in lt and then vacuum is
applied to it; the mercury rises in the glass tube in the -
gauge and the procsuro can be determinod by thc ocale. —

s 3 iy




Illuatration\A: "A Slmple Method Of Producinsi
‘ Vacuum a

1. Voasel with water

2, Boiling -

3. Sealing of the vessel e
4, Vacuum attained through cooling

Key: 1) Water; 2) Stean; 3) Torr- 4) Vacuum

The calculftion is done by theso rormulas- volume X
pressure = volume* X preasure S B L o

PV = P1=V1 | 3
v \
V=T reoH

P, = A H, if we 1gnor,o‘t.‘ho system's pr:o's‘s:‘ure ‘wh‘i‘:éﬂh‘is zero.
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‘I1lustration B.

1. Pistoa pump .
2. Rotative pump whoro s-oil.
-~ Re=vacuum
3, Diffusion pump
8 - ateam under prosauro
b « vacuun

- . -



-Illustratlon»c:

K - mercury ~
L - atmospherlc presaure

Vacuum Gauge after MoLeod
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Illuetration D: Instruament Providins
the Neoeasary Cooling Rate

1. Thermocouple

2. Alcohol bath - dry ice

'3, Alcohol bath

&4, Mixer, 800 rotations per minute -
5. Mixer 1000 rotations per minute
6. Mixture of dry ice with aloohol -

5




e

P=T1r".7.AH
'

whioh(ie the Mcleod formuln, where

half the diameter of the rlaes tube..»'

r=
V = volume in an® of tha Flass ball and ohe tubes,
H = the height in um in ‘the’ emall cloaed'tube above
the mercury. - - ,
AH = the difference in the mercury height rin' the suall

glaae tube.

‘The firet two . parameters r and V are conatant in each
%nstrument and may be obtained from the instrument manufac-
urer, ' , , . 2

‘The accuracy of this instrument 1s determined by the
accuracy of the meagsurements of H and ‘A H, ‘

The greater the vacuun, the ‘harder the meaeurements

(a traction of a mm), and accuracy diminisnes.

P. Cooling by the Drying System |

The theory is that cooTinz can be achieved through

»heeterequiring ope“ationo, such as endothermic phenomena-

1. Evaporation, which is used most orten

2. Release of gas from hizh pressure, 5

'3, Melting of ice or evaporation of dry. Ace. |
4, Dissolving certain salts such as hydrated salts.
5. Combination of both melting and 'dissolving.

6. Electrical, magnetic phenomnena,’ o

Cooling Through Freeze Drying: #2 mentioned above

1s suitable - release of gzas Trom high preeoure. ‘There are

Y two otages in such a syetem

" 8, pressure: condensation (creation of heat)
b. release of pressure: evaporation (heat ebeorption).
in other words, cooling, PP
P

o L
b o



Dry Ice

Carbon dioxide in solidfstate<1a,cﬁlledgdryﬁice.
Under normal atmospheric conditions thia ice passes directly

from the 80l11d into the gzseous state., .

The sublimat&on'temperatuhe:At-norhdl,ﬁféwihre'(l kg/
cubie ce) 18 - 73.97C; 1ts advuntages over normal ice are:

1. lower temperature; | o A

2. no liquid residue;

3. 1t 18 not chemicallyv active*

1In order to assist the novement of cold fromi the dry
ice to the material to be cooled, a 1liquid 1is used with a
freezing point lower than -80°c,~8u¢h as alcohol acetone.

Liquid Alr

Liquid air is produced by a process of compression and
cooling. In the first stage 2 pressure of 40 kg is applied
to air and later the compressad air is transferred for cooling
to a compressor of 200 k. ~ G S

Lindeh was the first to produce‘liquid air on an in-
dustrial scale in 1896. \

: The compressed alr at 2 preseure of 40 kg 1s partly
used for cooling (up to =100 C), and the rest 18 passed to
the sgoond compressor where a part of 1t%15'usquf0r.cgolins
(-1ég g) ... (=190°C) and 80 on till the end when -210°C is
reached, | |

Accepted Mixtures for Coollng \

1. Table salt with plain ice, =-20°C =~ - . |
2. Potassium chloride with plain lce, -4¢°c

3. Aloohol with dry ice =70°C | | :

4. Ethylene glycol with dry ice = =70°C

5, Liquid air - =196%0



P it

G. Blological Stability

Blologlcal matter is usually unatablé,iwif‘th di ;
theria toxin are taiken as an a-wxample‘We:}zﬂee.ét'l;i\i'ii.ta::11.'.831'.oat‘1)t-l
city 1s diminished with tiaze, especlally when the temperature
rises, A S e

The change in toxicity 15 a result of a'change in the
chemlcal composition of the toxin. The rate of change of
the chemlcal structure of the toxin is slower:at lower temper-
atures, but slowing down the rate of such changes does not
continue in sub-zero temperatures, iwhen the freezing point

.18 passed, the molecular order is changed, which may damage

the toxin, but when the eutectic temperature

. ( mpers ulckly passed
stabllity of the toxin may be attained. - o

- Therefore, one of the wethods of preserving bilological
materials 1s freezing, since low temperatures slow down the
spoiling processes of these materlals, when a quick change
beyond the cutectic temperature of that material is achieved.
If, after freezing, drying 1s applied, a peak in the stability
of the substance 1s attained. e

, - An example: the activity of the Cobaye complement 1is
reduced to half within three hours at room temperature, with-
in 24 hours at a temperature of 1°C; within three months at
=10°C; within a year at -25°C; and can be preserved indefi-
nitely at -80"C. - IR

As mentioned above, the shift beyond'tﬁbféutectio

.-temperature must be fast in order to prevent concentration of

salts which causes denaturinz of proteins,

" The freezing of cells requires delicate handling and
conatant observation. o '

Two factors determine the condition of'the rreezing:

l., Cell viabllity. B _ :
2. The structure of tne cell's membrane,

For example = the red blood corpuscles have a very

' delicate membrane, and sperm cells have atrong membrane and

deficient viability (frozen sperm cells may remain intact,

“but their mortality is hich); mioropea are 1nibetyeen these

two extremes, _ oo
; : ’ i



Parks discovered that bull's sperm lbaeeﬂlmh' :
because of the thermal shoci. In;faag coolinsxrig:;géggitgty'
zero therg 1s high mortality, but will slow cooling at the
rate of 5°C every 20 minutes in the presence of eégg yolk the.
eperam cells of the bull will svercome the thermal:shock., ’

ssed ‘Instead of yolk, «iycsrol orenheyléﬁefsiyéoifmay be

The action of the zlyvcerol 1s two-féld:

8. Protection agalnst the therwmal éhdck.; R :
b. Prevention of crystallization (which ie important
in the case of cells). : : e

When the red blood curpuscies are frozen in a medium
containing 30% glycerol, they remain intact, but it is diffi-
cult to remove the glycerol; indeed, 1t 1s possible to do
this in the laboratory by dialysis, but this method 18 not
practical for blood transfusilons. : R

: 1t was proven that protein may be preserved indefi-
nitely and without change by anethods of drying and freezing.
The drier it is, the more stabdle 1t 1s, 3
: Practically speaking, 2 17 molsture cor®- * 1s an
accepted 1imit for drying, but 1f the substance 18 further
dried, the protein wall 1s well preserved.

In the case of microbes the situation is different,
and a certaln percentage of molsture 1s required to preserve
their 1ife. » 5

H. Preservation of Tissue Cultures 1n SuB-Zer0~Tébperaturea

Work on varlous types of tissues, in blology, and
as nutrient in cultivating viruses, involves various probleus.

Passage of cells and thelr growing for a long period
increase the effect of the artificial cultivation conditlons.
These conditions may effect among other things the genetical
Integrity (mikhlol] or cause mutations and also cause char-
~acteristice that these tissues did not have at first, '

. For 1natance,'norma1 cells turn into malignant cells,
or vice versa, T : S T

. v
9



Such tissues, bein rizh in biolo ical baeio ma
act as nutrients, and thus nra constant%y in dange ter1ala,

taminatlion by external micro —organisms.» B

Even the transfer of these tissues from v' el to

vessel every few days (3-7 davs according to the egree of
their development),: requireu much and ex%ensive fo

Preservation of tissuas at sub-zero temperaturea
8olves these difficulties for us. - R -,;}““;;

Such preservation is Jetermined by the following
factors:

l. Mediun in which the cells are: suspended.a
2. Number of cells/al of susyension.- L
5. Rate of freezing. }
4, Temperature of storing.

" 5. Length of storing.
6. Rate of thawing.

Cell Preparation for rreezing o

The Culture- Cells 1ntended for freezing must be
vigorous in structure, healthy cells, and ‘they . muet be in
the logarithmic stage of their deve10pment curve. '

The cells must be examined and muat be rree of cone-
tamination by microbes, viruses and other factors.

It is desirable tnat the medium where 8 culture was

grown be changed or at least freehened two hours before -
harvesting. ; , \

Harveating- the celis are collected mechanically, by
seratching the culture-bctt] es, or by means of an‘ enzyme
(Tasas] such as trypsin. Wwhen an enzyme 1s used, the cells
must be washed later or s consliderable amount of serum added
to counterbalance the action of the enZyme. e

Suspension Medium: <the medium with an additive or
preservative such as glycerol or dimetayl sulfoxide in a
concentration of 5-15% by volume. o

Since one of the glycerol's characterietice is to

penetrate the cell's membrane, and there is a difference in
‘the membranes of various cells, 1t is possible to dietin-

10




guish between the varilou:s cclls by their tolei&éibh of
glycerol. The toxic effect of glycerol on cells. increases

v:it2°3?at’ and therefore 1t 1s desirable ;o addlfhe glycerol

The results with the use of dimethYl sulfoxide are not
yet known. D

For unknown reasons the rate of survlvaiuéiaesvln
fibrolastic cells when the¢ concentration of preservative is
igw; in epithelial cells it rises when the concentration 1is

8 er, - "?:”—i -

Number of cells per xl of suspension: the.most ade-
quate concentration of suspension for freezing purposes
ranges between 1-5 million cells per ml. ‘Care must be taken
that the cells won't sink in the medium during freezing.

| Storage - 1t turned out that it is better to seal the
glass teat-tubes where the cclls are in suspension by melt-
ing the glass on top in order to nrevent escape of carbon
dioxide and a change in pH, as well as to prevent other
changes such as oxidation. Other methods of sealing with
rubber or corks are not hermetlec enough.

The cooling Rate: a sultable coolling rate 1s 1%¢ per
minute (Fogel, Smith and Parxs). One of the simple and effi-
clent tools for assuring the required rate of cooling is
used by the tissue bank of the U.S. Navy (see illustratlion D).
There are also more complicuated instruments for laboratory
and industrial use.

Storing: with the neip of an adequate freézer or dry
lce, temperatyres of -60°2 to =70°C are achieved; liquid
nitrogen -196"C, 18 also usea. ‘

Shriver and hls associates succeeded in preserving
cekls for 6-7 months by freezing with a survival rate of 30%-
50%.

In this connection, &nd considering also the ablility
of the cells to cling to the panels and create a tissue, and
not only the survival abilitiy 1tself, it was found that out
of cells stored for a period of 3-4 years, up to 507 living
cells were obtained after thawing, but thelr abllity to
develop a tissue or a mat (marvad) on the panels was ilmpalired.
This problem requires further study. :

11



Thawing: by immersio: in a water.bath'at‘37oc a

metgggseumber of living cel.s was obtaﬁned than[bynother

References:

1) Scheres, W.F. and Hoozaslan, A.C., Preservation at Sub-
Zero Temperatures of ‘Yousze Fibroblasts (Strain L) and
Human Epilthelial Cells. (Strain HelLa) 1954 Proc. Soc.
Exp. Biol. & Med., 87, vo 450-437.

2) Swia, H.E., Jaff. R.F. and Parker, R.F., Somehpfactical
aspects of Storing Hammallian Cells in the Dry-Ice Chest.
1958, Cancer Research 13, pp 711, T717. R

3) Stevenson, R.E., Prescrvation of Cultural Ceil Lines
;t Low Temperatures 3rd Int. Freeze-Drying. Couree. 1962,
yon, |

THIRD PART ’

I. Drying of Living Organisms b
The main factor affecting the percentage of survival
after freeze-drying when the mediua 1s 1mmediately returned
to its former state, or after prolonged: storins. 1e the *
medium in which the organism 1s suspended. e

In 1949 Greaves and aseociatee (Fry and Greaves)
proposed a medium containinz 75% serun and 25% broth con-
taining 7.5% glucose. 1In this medium a high number of
living organisms were preserved, including delicate organ-
1sms such as Nelsseria woacirrhoeae and Vibrio cholerae, and
their opinion was that the serum is protective colloid and
prevents the dried matter irom crumbling, and- thet the
glucose preserves the requlired amolsture. :

Such a medium, of course, is not euitable for all
purposes; the presence of the serua, for 1netenoe. does not
make 1t possible to inject 1t into humans.

12



In 1960 Obayashi uscd sodium glutamate tovincreaae
the stability of the tubercu.osle vaccine, B.C.G. at high
temperatures, and found thiat siucose ccunterbalances the
effect of the glutamate, «wad sucrose does not,

Therefore 1t was prsicsaa that the tuberculosis
vaccine which 1s intended for storing in people [sic] be
dried in a medlum containincr lextran free of glucose, 1%
of sodium glutamate and 507 sucrose. The use of dextran
came after 1t was proved thet 1t does not act as an antigen,
heuce it replaces the serum; the sodiun glutamate fills the
function of the broth in ithe wentioned medium, and the sugar
. preserves the percentaze of moilsture required for survival.

The same year (1960) Scott approached the probleam from
another direction. He dries the cultures in a broth contain-
ing papain digest and preservad thea in variousiconcentratlons
of active water# with the helo of various drying salts at
various temperatures and founl that at low concentrations of
active water and at low tcmparatures life survived when
glucose was present., Such <rled cultures were not well pre-
served at high temperaturcs; on the other hand the sucrose
was more active at hisgh tezpyoratures, '

Seott concluded from nis experiments that the stabillity
of the cultures at high teaparatures ls caused by the pre-
sence of carbonyl group C = O (Xetonic group); the amino acids
in Greaves' broth counterbalanced the carbonyl group; glucose,
instead of sugar, added a carovonyl.

The eriteria of a wediua adequate for drying are that
i1t will make an immedlate and nizh survival possible, and
that i1t could be preserved ror long periods at room tempera-
ture. Accordingly, Greavzc introduced an experimental wethod
for examining the dry materlal by heating 1t to 100°C, and
measuring the time during whicn the viable count:decreased to
one half. Under these conditlons it was found that a medlum
containing 57 peptone prezerves well for & long period of
time, which strengthened 3cott's hypothesils. :

Sodium glutamate i3 10st effective at a concentration
of 5%; at a lower concentration the immediate survival 1s
low, which indicates lack of molsture. At high concentra-
tions sodium glutamate acts in two directions:

* See water classification uander "Drying of Living Cells"

13



a. 1t counterbalance

: $ the Iree carbonyl group:
D, 1t buffers the rs:z.iu yLi group;

al asisture,

The astivity of this sodiua slutamate is lmproved
when ¢o0lloid (5% dextran frec of Zlucose) 1s added?

Greaves suamed up 1is work in 1980 stating’that’a
mediua for the drying of mnicrobes aust contain: :

1. preservative colloid such as 5% dextran free of
glucose;
2. a residual moisture of around 1%, sucrose at a
- concentration of 5-107%, or sodium glutamate 5-107%;
3. material that counterbalances the carbonyl group
such as broth or 1% sodium zlutamate. :

In 1961 Obayashi and nis assoclates broposéd'the use
of polyvinyl pyrrolidone - 2.V.P. - 1nstead of dextran.

It i1s interesting that in 1955, Collier recommended
only peptone 5% as a pressrvative materlal to dry the
Vaceclnla virus, and it was proved later that this percentage
1s even more suitable for other viruses such as the Influenza
virus and the Herpes Simplex; on the other hand 1t is not
suitable for preserving micraobes since they became too dry.

Is there a connection between the amount of moisiure
required for the life of the orzanism and its position in the
1ife scale? Research 1s already being carrled out on this
quesition. '

J. Drying of Living Cells

Attempts at revivingz cells of mammals were far from
successful until blood was {irst frozen without glycerol. A
medium that contalined glycercl for that purpose caused many
complicated probleams. ‘

Success in the dry Ireezing of red blood corpuscles
was attailned after many failures, When red corpuscles are
dried by the usual methods trey appear under the microscops
as brilght rings having a crystal structure. When an isotonic
salt solution 1s added to such a drled red corpuscle in order
to bring 1t back to the oriszinal state, the natural shape-
changes immediately into a spherical shape, and then the red
corpuscle explodes. .

14



, Thls fora of crumnlin- is t '
. Dlia s yplical in osmotic mal-
ad justment; crumbling 1s ro: .reveated even when solutions

with high osmotic pressurc ire used ave
¢ are u . nas .
sugar won't change the resu.-:. g olution of 50%

A better result i1s ostained in preserving red corpuscl
when the restitutive solutio: 1s an isotonic-salt so utip ores
containing 407 dextran. ' olation

A Simple and Basic :lethosd for Drying Living Cells:

A suspension of red corpusclcs is put in a spray-drying
vessel. The spraying creates tiny droplets contalning the
. red corpuscles; a vacuud crzated by sultable pumps: is applied

to the drying-vessel. The vacuunl causes evaporation of 10-
15% of the suspension's water droplets, which causés cooling,
all the way to freezing o the droplets. Later in the dry-
ing (evaporation) procesg the tewperature continues to go
down till it reaches =-307°C. o

This temperature lave: 1s the result of the loss of
calories through evaporation aud absorotion of calorlies
through radiation from the environament.

When the evaporation rate 13 slowed by the progress
of drying, the temperaturc »ises to -25°C within 2 to 3
minutas from the freezing tlae of the drecps, filnally the
temperature rises quickly to room temperature.

The Appropriate Rate of Drying: mammalian cells after
their drying contain abous 5,0 residual molsture. When red
corpuscles are dried by the spraying method described above,
there 1s about 100% recovery. Drying of red corpuscles
beyond the mentioned percentage (8% residual moisture) con-
siderably reduces the percentaze of whole cells recovered
after their wetting. This loss 1s not effected by the com-
position of the restitutive solution. . |

In this connection, ..cryman assumes that drylng 1n
which an 87 residual moisture 1is reached 1s similar to the
freezing condition where the relatively free water, such as
ice crystals, 1s separated; tnis conditlion does not hurt the
organic structure of the cell, but upon the increase of dry-
ing, water is separated that is more closely connected wilth
the cell's molecules, and thcrefore, has a more vital func-
tion in the structure of the molecules that are the components
of the cells,

15



Hypothesis Regardin: utorins Cells Fre

: dinr Ltoriag in Freezing:

ﬁeryman and his assoclase: :clleve that dextran and %.V.P.
ave a vital funevion 1rn :rcuervingz the cell during drying.

The cell ameabrans L3 composed of iypoprgféih, and

the cell's traasport mechunisa is located in the . pores of the

meambrane; he belleves that tre transport mecnanlism has a high |

molsture content and that :r:i: transport 1s carried out
through watery liquids. ‘ x

In the advanced stivs of drying the water which 1ls
more closely connected tc i molecules of the transport
. mechanism 1s separated, and then the pores in the cell's
. membrane open. When the c:ils are molstened with 1isotonic
solution, increased quantitics of salt and water penetrate
the cell before the transpori mechanisam 18 reconstituted.

Dextran or P.V.P. in the molstening solution provide
a protective layer on the cell's membrane and provide a
piston for the passages (the pores) until the latter are
reconstituted. g o

The connection between the cell's membrane and these
materials (dextran and °.V.I) ls an electrophysical one,
This relation will not exist in the case of further lancrease
in drying, whence the difficulty in recovery from this ade-
vanced stage of drying. '

on the basis of these hypotheses the cell water may
be classified into three types: :

a. free water - in intra-cellular solutions;
b. active water, the removal of which atops the
cell's activity; '

life.
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